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Abstract 
A radical product innovation can derive from a twisting of the function-structure relationship within the product. Functions are deeply linked 
with the structure of the product, thus an innovation of the product functions affects also the structure. However the aim of the structure is not 
only to perform a set of functions, but also to communicate and arouse emotions in the user. This paper is a first effort in investigating the 
design phenomenon of altering the mapping between structures and functions and above all how it modifies the users’ perspective. The 
consequences of this change are investigated, and in particular the role of the affordances in such case for the product usability is studied. A 
case study shows an innovative and revolutionary product, that embodies a terrific change in the traditional abdominal workout. The causes of 
its success but also the criticalities has been investigated, especially focusing on the users’ perception. 
© 2014 The Authors. Published by Elsevier B.V. 
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the Conference Chairs Giovanni Moroni and Tullio Tolio. 
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1. Introduction  
Over the past decades the reason for an industrial product 
to be successful in the market has usually been related to its 
functionalities.  
For each product an overall macro-function can be 
identified. It is related to the main purpose for which the 
product itself has been designed. The macro-function can be 
in turn decomposed into sub-functions [1]. The main 
differences between two products can be derived at this level 
of decomposition, since the causal chains of sub-functions are 
related to the design solutions adopted and thus to the level of 
innovativeness of the products. An innovation can be 
incremental or radical. In the first case the chains of sub-
functions are mostly similar. In the second one a radical 
innovation can be achieved through a reversal of some sub-
functions, that however fulfil the main one. 
Since sub-functions are strongly linked to the shape and to 
the structure of the object, the reversal implies big changes at 
the structure level. To date, the evolution of the external 
aspect of several industrial products shows that similar 
functions are embodied into similar structures. The radical 
change of such fixed pattern (of both functions and structures) 
would be interesting in order to make a product more 
attractive.  
Unfortunately a change in the traditional shape (and chains 
of functions) of a product implies several usability-related 
difficulties, since customers may not understand intuitively 
the function of the product by its new shape.  Indeed there is a 
strong correlation between the product structure and the user 
perception. The affordances are not the only element 
depending on the user perception affected by the change in 
the product structure. Also the meaning and the emotions 
aroused by the artefact are influenced by the adoption of a 
different shape. 
In the literature several design methods take into account 
how product features are linked with the user perception, such 
as its affordances [2,3]. However some factors (e.g. the 
feelings and the emotions that can be aroused by the product 
in the consumer) have been neglected in the frameworks 
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proposed in the engineering design field. These latter aspects, 
however, are more and more relevant for the success of the 
product and can not be overlooked in the design phase. 
Therefore the research questions investigated in this paper 
are: 
x What are the consequences on the product in terms of its 
usability when reversing the functioning logics of the 
product? 
x Is it enough to make a product more successful? 
 
The present work analyzes the relationship between 
functions, affordances and emotions that a user perceives 
during the interaction with a product. In particular, the 
analysis is focused on a device for abdominal workout. This 
product has been selected for its innovative characteristics and 
structures. The purpose is to understand which aspect -among 
the before mentioned ones- is the most critical for making a 
product more attractive. Finally, a first set of guidelines is 
presented with the aim to take into account, since the design 
phase, the product requirements associated with affordances, 
but also with the meaning/emotions that the product itself 
should convey. 
2. State of the art 
Functionalities are one of the central element in the design 
of a product. A product can be described through its 
functions. Functional analysis is the discipline that allows to 
represent and analyze a product from the point of view of its 
functions [4]. In every product a function is carried out at 
least by one of the product features. A feature can be defined 
as the specific characteristic of a single part of the product, in 
terms of the geometrical entities that define it and in terms of 
the properties of the material it is made of [1]. It is therefore 
clear the relationship between the structure  and the functions 
of the product.  
However understanding the fundamental functionalities 
that the product has to carry out is not sufficient.  
The use of the product should be as intuitive as possible, so 
that the user is able to easily  understand the actual 
functionality of the product itself. Such idea is expressed by 
the concept of affordance, proposed for the first time by the 
psychologist Gibson. He describes the affordances as a 
specific combination of the properties of the environment and 
its surfaces taken with reference to an animal [5]. Later 
Norman regained the concept and applied it to the way of 
design engineering. He rekindled the notion of affordances as 
the result of the mental interpretation of things, which is based 
on people's knowledge and past experiences. The term 
affordance, in this case, refers to "the perceived properties of 
the thing ... that determine just how the thing could possibly 
be used" [5]. 
Later Maier and Fadel [6] introduced also a negative 
bounds for affordances to emphasize not only what the artifact 
should afford but also what the artifact should not afford in 
order to safeguard the safety of the users. There are several 
methods and approaches to take into account affordances 
during the product design process, such as the Function-Task 
Interaction Matrix of Galvao [3].  
The concept of affordance is used in several disciplines, 
from the artificial intelligence [7] to the design of graphical 
user interfaces (GUIs) as well as that of human–computer 
interaction (HCI) in general ([8], [9], [10], [11]) or even in 
product semantics ([12]; [13]; [14]). In particular product 
semantics was originally defined as the ‘‘study of the 
symbolic qualities of man-made forms in the context of their 
use, and application of this knowledge to industrial design’’ 
[15]. Krippendorff [14] later refined the definition to describe 
the concern for the symbolic qualities in design as a paradigm 
shift from ‘design for function’ to ‘design for meaning’. 
Indeed functionalities and affordances are not the only 
important aspect in a product. 
Consumers base their choice not only on the technical and 
functional aspects of a product but also on the emotional 
response they have to the product aesthetic appearance [16]. It 
is not sufficient to design good products or services, but the 
designer should  design experiences and generate pleasurable 
or exciting sensations [17]. Therefore the success of a product 
is related also to the semantic of the product, i.e. the meaning 
sent by the product to the consumer, that changes and depends 
on how designer use color, shape, form, and texture in 
designing the product. 
3. Research method 
The empirical analysis is mainly based on the study of an 
innovative abdominal equipment, the “abdo gain”. Its 
structures indeed redefines the shape of the traditional 
products for performing abdominal workout at home. 
The work is organized in a series of ordered steps. First, a 
functional analysis is carried out both to get deep into the 
functions of the device and to link the functions to the features 
of the structure. A benchmarking analysis with other devices 
for abdominal workout has been done as well. The result is 
the demonstration of how different the structures and the 
functionalities of the analyzed product are if compared with 
products that belong to the same merchandise cluster. 
 After that, a survey is done in order to investigate:  
x The emotions that the user feels during the interaction with 
the product; 
x The affordance of the product, hence its usability; 
x The opinion of the users before and after having used it. 
Therefore which aspect has determined the success of the 
product and which are the functions that are carried out in a 
unusual manner are investigated.  
All the above mentioned analyses allow to define some 
preliminary guidelines to design more attractive, innovative 
and usable products. 
4. Case study 
Recently Domyos (Decathlon) is come to the market with a 
product designed for performing abdominal workout at home. 
Its name is Abdo-gain: a sitting device where users have to 
keep the balance in order to not fall down. For performing the 
best exercise, users have to balance their body in order to 
remain in a stable position. The product is interesting since it 
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is based on  a contradiction: for doing effective (abdominal) 
workout users must not move their body. 
The whole structure of Abdo Gain is composed of only 
four components: 
x The upper part, whose shape follows the shape of the 
plastic structure, is composed of: 
o the foam rubber pad, which has a cushion-like 
function, makes the seat more comfortable; 
o a colored and synthetic overlay for both protecting 
the foam rubber and for making more enjoyable the 
contact between the body and the product. The 
texture is sweat-resistant, absorber and rough in order 
to increase the frictional force; 
x The main part is a plastic made structure; it is both hardy 
and concave in order to bear the weight and to follow the 
shape of the body;  
x The lower part is an orbed rubber support, which gives a 
particular stability to the object and its elasticity coefficient 
allows a deformation under the weight of the user. 
Spontaneous small movements as those in blue
Æ rotation of the body+Abdogain in black
Æcompensation through contraction of 
abdominal muscles
21
3
4
Legend:
1. Foam (coupling function)
2. Petal (back supporting function)
3. Shield (supporting and mating)
4. Hemisphere (making stability hard)
The physics of the exercise
 
Figure 1. Abdo gain: structure and exercise 
From a functional point of view, the before mentioned 
parts can be defined as in figure 1. 
4.1. Functional analysis of the abdo gain 
In order to identify the functions of the product the  phases 
which occur during the interaction between the user and the 
product has been identified [1]. Starting from the position in 
which the user stands in front of the Abdo Gain, the main 
phases of usage are: the user aligns himself with AG; the 
user’s hands get in touch with the floor; the user sits down 
over AG; the user rises the legs. One of the most interesting 
phase to further investigate is the last one, related to the 
execution of the exercise. Functions can be organized in a 
functional map according to their causal relationship [18]. 
Figure 2 shows the functional map of the elementary 
functions carried out during the last phase of usage. 
 
Figure 2. Functional Map of the main phase of usage 
The functional analysis shows that the interactions between 
the product and the user are pretty few.  
The main functions of the product are “to stabilize” and “to 
stay”. These are “static functions”, while, on the other hand, 
in traditional abdominal equipment, the central functions are 
related to the continued and repeated movement. Thus it is 
evident the difference between the abdo gain and the others 
abdominal equipments from a functional point of view. 
4.2. Benchmarking 
The equipments shown in figure 3 has been considered for 
the benchmarking analysis. The most characteristics  and 
popular apparatuses has been selected. Generally the analyzed 
equipments are not particularly aesthetically appealing, but 
they call to mind technical and professional equipment. On 
the other hand the abdo gain has an aesthetically pleasing 
design, as the analysis of interviews will reveal it. Except for 
product c and d, the other equipments substantially allow the 
users to train the abs by moving their body, rather than in an 
isometric way. Furthermore aside from the product d the 
analyzed equipments are quite bulky and with a medium-high 
price (above € 50-60), while abdo gain is not bulky and has a 
lower price. 
 
Figure 3. Analyzed equipment for the benchmarking 
The tool that is functionally more similar to the abdo gain 
is product c, the Bosu. Indeed it  allows to do the same 
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exercises. It was introduced on the market quite recently. This 
could be justified by the fact that recently disciplines such as 
Pilates, that are based on the execution of the exercises in an 
isometric way, have recently become popular. This "cultural" 
change transforms the basic knowledge of the users. 
Therefore over the years, the users will understand the 
functioning  of equipments such as the abdo more easily. 
Designers must consider how the knowledge of the user will 
change to design products with different affordances from 
time to time. 
4.3. Interviews 
Surveys have been conducted for analyzing the relation 
between a generic user and the product. The interviewed 
people are 84 (50 males and 34 females), all of them are 
students from the University of Pisa (average age 23,1). They 
are clustered into three categories: the first cluster is 
composed by those who have already tried the product (C1); 
the second cluster is composed by the people who know the 
product but they never tried it before; third cluster is 
composed by those who don’t know the product at all.  
During the interviews, the product is located on a table in a 
proper position (with the pad faced up). Each user is clustered 
by answering some questions (“do you already know the 
product?” if so “have you ever tried it before?”).  Then the 
interviewed is asked to write five words, depending on what 
the product suggests to him.  
Once the words are written, the participants are asked to 
try the product. We ask those who belong to the third cluster 
to guess how to use it. After that, we provide a demonstration 
of the proper utilization and we invite them to try it as well. 
After the trial phase, the interviewed is allowed to change or 
to add some words. Such process should let us better 
understanding whether the idea that the people have about the 
product is changed after having used it or not. We choose a 
semi-structured questionnaire so that it avoids fixation related 
problems.  
Before they write the words down we made sure they had 
clear two aspects: the questionnaire has to be completed as 
quick as possible for both encouraging spontaneous mental 
association (no reflexive association) and making them write 
what they were really thinking about (win the modesty); the 
filled in words should not be related to any technical function 
(known or supposed) of the product - actually they could be 
referred to any lexical domain. Letting interviewed people the 
free choice, they filled in substantives (more likely), 
adjectives and verbs (rarely). This aspect allows us to 
understand on one hand the relevance of the affordances and 
on the other hand the semantic of the product. 
Among the 84 interviewed people, 37 don’t know the 
product (C3). Among the 47 people who do know it, 27 of 
them never tried it before (C2), while the other 20 people 
already tried it (C1). The words most frequently used are: 
flower (33), strange (23), swing (22), container (19). 
The words written by the interviewees have been split into 
categories. The most numerous is the substantives one: in 
most cases the interviewed associates AG to everyday life’s 
products, both realized by humans and natural. 
 
Figure 4. Occurrences analysis 
The most frequent association is with the flower. Moreover 
the class of containers (containers for fruit, vase, basket, tray) 
and the class of seats (among them chair, armchair, small 
chair) have received a high score. Among the adjectives, 
strange is most frequent one (described by different adjectives 
like odd, enigmatic and bizarre). The presence of adjectives 
such as useful, practical and funny lets us notice a positive 
interpretation of such eccentricity. Aesthetical mentions are 
included as well, for what concern both the shape and the 
color of the object: to the first aspect belong adjectives such 
as spherical, semi-spherical, curve, concave; while to the 
second one we find at the same time the more generic 
adjective (colored) and more specific ones as well such as 
blue and light blue that obviously are conditioned by the color 
of the product we chose for the survey. 
4.4. Interpretation of the interviews 
The surveys are carried out with the double purpose of 
getting deeper both into the analysis of affordances and into 
the feelings perceived before, during and after its use. 
During the first part of the interview, people who belong to 
the C3 cluster had some difficulties in understanding how to 
use the product. Because it wasn’t clear its function, people 
were attracted by the product even more: interviewees 
interacted with the object in several ways, facing it up or 
turning it between their hands. The shape gave to the users the 
hint for discovering some sub-functions and the dynamic 
aspect of the product. Indeed, among the words the users 
wrote, it is possible to find out swing, to swing, equilibrium.  
As far as the semantic is concerned, the analysis of the 
survey shows an interesting and clear contrast between the 
concept of balance (14) and the concept of swing -i.e. 
unbalance- (22), that is the demonstration of the inconsistency 
essence that the product embeds. 
There have been 13 associations with the category of 
games (ball, game, play, game for children) which underline 
the contradictory perception that the product suggests: instead 
of a physical effort- i.e. tiredness- just through its aesthetical 
features abdogain suggests amusement and recreation. 
Moreover, among the answers the world of babies is often 
recalled (in particular “game for child”), which is also related 
to the words “cradle” (4) and “changing table for babies” (1). 
This second aspect is interesting as well: the product should 
transmit a sense of danger both because it is a product for 
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sport activity and for its strange balance. On the opposite, it 
suggests sensations of tenderness and protection. 
Hence the product, because of its uncommon shape, 
suggests an idea of amusement and practicality, which creates 
curiosity instead of indifference, and leads people to test it 
instead of losing interest. The 75% of the interviewed used 
just positive terms rather than negative descriptors (i.e. funny, 
useful, centred, elegant, freedom, tenderness, calm, relax, 
serenity, fly, air). As already said, most of the times the 
product has been associated to a flower. It is interesting to 
notice also that the shape remembered an elegant object such 
as a design product which could be well coupled with the 
home furniture. Because abdogain should be used at home 
this is an extremely interesting point which differentiate our 
product from the classical devices for abdominal workout. 
Concerning affordances, the majority of the interviewees 
didn’t understand how to use the product even after we had 
told them. In most cases they understood just after we had 
showed them how to use it. For instance, after we had told 
them that the product is for abdominal workout, more than 
one person thought that the product should be positioned 
behind the back, laying over it (maybe influenced by the fact 
that the typical method for performing abdominal exercise is 
laying down on the back). This reveals the weakness of the 
affordance. 
Finally the users tested the product. They found some 
difficulties in performing the exercise: all of them who had 
thought the exercise would be easy to perform they changed 
their idea. Indeed, the majority of those who expressed a 
second judgement on the product -after they had tested it- 
wrote negative attributes (useless, hard, difficult, 
uncomfortable). The complexity of the interaction with the 
product is demonstrated: the ideal behaviour that is projected 
in the mind of the costumer is invalidated after he tests the 
product. In particular we noticed that: 
x users expressly declare that performing the exercise is 
more difficult than they expected; 
x in the end users find the product funny, not much painful 
and effective for abdominal exercises avoiding postural or 
similar problems. 
4.5. Discussion 
The analyzed product revolutionizes the idea of the 
traditional equipments for abdominal workout. Indeed, its 
functioning is based on a contradiction from the point of view 
of the average user (non-expert): in order to train the abs the 
user must stay rather than move himself. The functional and 
the benchmarking analysis have shown that the macro/general 
function is obtained through sub-functions that are 
functionally opposite to those of the traditional equipment for 
abdominal (to move vs. to stay). 
Also the shape is radically different and innovative with 
respect to the forms of typical products for abs workout. 
Indeed the latter remember more technical and professional 
equipment, but are quite unattractive. In fact their design is 
more focused on functionality than aesthetics. On the other 
hand the abdo gain has a sinuous shape and a pleasing design. 
The interviews has revealed that the designed shape and 
colors generally intrigued respondents and are associated to 
positive values, connected to the entertainment and fun. 
On the other hand, however, the product has a bad  
affordance since the interviewees hardly understood what the 
abdo gain was and how it worked, even after the disclosure of 
its main functionality. Thus the user was not able to 
understand the actual effectiveness of the product itself. Many 
interviewees found it useless and ineffective after they had 
tried it.  
Such difficulties and incomprehensions can occur with  
extremely innovative products, such as the abdo gain or the 
famous juicy salif, that revolutionize how a particular function 
is carried out. It is therefore evident that for such classes of 
products the design of the affordances is extremely important 
in order to improve its usability.  Moreover a good 
advertisement could compensate for such lack, explaining the 
advantages of the isometric exercises.  
We can state that the success of the abdo gain depends 
more on its design and its semantics rather than the 
performances and functionalities of the product. 
5. First guidelines for a new design method 
The case study highlights some aspects that characterize 
the design of a radically new product: 
x  Antithetic effect obtained from the revolution of the 
product structure with respect to traditional similar 
products:  
ż users’ curiosity about the product increases  
ż product affordances decreases  
x Positive values transmitted by the product 
x Importance of the aesthetic qualities in a product, whose 
main strength generally is not traditionally its aesthetics 
x Use and good balance between false affordances (that 
occur when an information suggests a nonexistent 
affordances [8]) and perceptible affordances. 
The first issue is already considered by several methods [2, 
3], while the other aspects are usually neglected in the 
existing engineering design practice (see for example the 
Quality Function Deployment). One of the reasons why the 
designer generally neglects such aspects is because the 
parameters are deeply subjective and therefore difficult to 
transform into product specifications to be objectively 
evaluated. Furthermore industrial designers not engineers 
focus on product semantics and on its emotional aspects . 
Taking as reference the method proposed by Galvao et al. [3], 
it is possible to integrate it by including these latter factors in 
the design process. The key tool they use is a function-task 
interaction matrix. It is a matrix where functions are located in 
the rows and tasks in the columns. Functions are “the result of 
the user’s interpretative process about the product’s physical 
behaviours [1]”, while tasks are defined as “what someone 
does to achieve a goal”[3]. It allows to identify the interaction 
points (i.e. when technical functions are required to engage in 
a certain user tasks and vice-versa) and the relationships from 
technical functions to user tasks (that specify which product 
attributes are needed), and from user tasks to technical 
functions (that specify where affordances can aid users in 
accessing them) [3]. The analysis of the interactions and of 
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the relationships are thus the basis of the following study of 
the affordances, during which the functional affordances and 
the operational affordances are listed. In this phase, when a 
direct interaction between the user and the product occurs, 
also the implicit meanings and the emotions the product 
should arouse in the users could be listed and advantageously 
considered in the design process.  
Moreover, the designer could identify not only the 
functional and operational affordances, but also the possible 
“false affordances” that allow to increase the user curiosity 
and further involve the user. Indeed for example in the case 
study even the false affordances are designed to be fun but not 
dangerous for the user. 
6. Conclusion and future works 
Nowadays the market is submerged by an almost infinite 
number of similar products. Therefore, they are often hidden 
among the other good products and capturing the user’s 
interest could become really difficult. Some of the most 
interesting strategies adopted by the designers in the last years 
are based on deep altering the mapping between structures 
and functions. Such modifications are due to the destruction 
of existing links Structures-Functions and the construction of 
new links between new Structures and old Functions. The 
novel structure-function map needs for a novel perception 
mapping. In case of intelligent designs and novel creative 
maps the user is surprised by the novel “strange” product and 
get curious in discovering the product functionalities. Thus 
the user’s mind is firstly bewildered by the new structure, then 
he/she has to understand the functions and to re-map the new 
links. After users creates mental links between new structure 
and old function, thus defining new set of product 
affordances. 
The paper is a first effort in investigating the design 
phenomenon of altering the mapping between structures and 
functions to modify users’ perspective. An example of such 
new kind of product is given and users’ perceptions gathered 
are analyzed.  
Finally a first set of guidelines and suggestions to improve 
existing design methods have been proposed. It is just a first 
step to make such approaches more complete, integrating 
them with new elements. Future works will focus on an in-
depth analysis of the proposed improvements. 
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